independent of nicotinamide nucleotides, has absorption peaks at 280mp, and at 350m,u with little or no absorption at or above 450m,u. 2. It does not fluoresce, but green-fluorescent material, diffusible on dialysis, is produced when the enzyme is treated with acid or alkali or when it is boiled. 3. Evidence is presented that the enzyme is not a flavoprotein. 4. Kinetic studies show a correlation between enzyme inactivation by acid, alkali or heat and liberation of the fluorescent material. 5. Some purification of the fluorescent material was achieved, but definite identification was not possible; the major component has a fluorescence maximum at about 460mp, with excitation maxima at about 260m,u and 365mu. 6. Data are given (including absorption and fluorescence spectra) that support the suggestion that the prosthetic group of the enzyme is a pteridine derivative. 7. Possible mechanisms of action of the enzyme are discussed. Anthony & Zatman (1964b , 1967b have described some of the properties of the unusual alcohol dehydrogenase of Pseudomona8 sp. M27, a pink organism capable of growth on methanol as sole source of carbon and energy (Anthony & Zatman, 1964a) . This alcohol dehydrogenase oxidizes methanol at least as fast as ethanol, it does not react directly with oxygen and it contains insignificant amounts of metal; further, the spectrum (Fig. 1) precludes the presence of cytochrome, of haem, or of cobalamin derivatives. Enzyme activity is completely independent of nicotinamide nucleotides (Anthony & Zatman, 1964b ) and phenazine methosulphate is the only substance tested that acts as primary hydrogen acceptor for methanol oxidation. This alcohol dehydrogenase cannot therefore be included in any known class of enzymes (Dixon & Webb, 1964; Enzyme Nomenclature, 1965) with the possible exception of the flavine-dependent oxidoreductases. Evidence that this enzyme is not a flavoprotein is presented below together with the results ofstudies on the prosthetic group of the enzyme. In the present paper the term 'prosthetic group' refers to the green-fluorescent material that is produced from the non-fluorescent enzyme by boiling, or by lowering the pH to about 3, or by raising the pH to about 12.
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A preliminary report of this work has been published (Anthony & Zatman, 1967a) .
MATERIALS AND METHODS
Unless otherwise stated materials were obtained from the sources given by Anthony & Zatman (1965) .
Buffer solutions. Buffer solutions were prepared according to the data ofDawson, Elliott, Elliott & Jones (1959) .
Spectrophotometry. All spectrophotometric measurements were made with a Unicam SP. 800 recording spectrophotometer.
Standard spectrophotometric enzyme assay. The cuvettes (10mm. light-path) contained the following, in a total volume of 3ml.: 0-3m-mole oftris-HCl, pH9*0; 20,umoles of methanol; 3 3,umoles of N-methylphenazonium methosulphate (phenazine methosulphate); 0-13,umole of 2,6-dichlorophenol-indophenol; 45,umoles of NH4C1. The reference cuvette contained deionized water. Enzyme solution was'blown in from a pipette and the initial rate of dye reduction taken as twice the change in E600 occurring between 15 and 45sec. after addition of enzyme. The amount of enzyme was always adjusted to give a rate of change ofE600 ofless than 0-6/min.
Enzyme unite. One unit of enzyme activity as measured by the spectrophotometric assay is defined as the amount of enzyme that produces a change in E650 of 0.01/min. between 15 and 45sec. after addition of the enzyme. Assuming that the molar extinction coefficient of 2,6-dichlorophenolindophenol at 600m,u is 1.91 x 107cm.2mole'1 (Basford & Huennekens, 1955) Preparation of purified enzyme. Crude extracts were prepared, and enzyme was purified as described by Anthony & Zatman (1967b Inactivation of enzyme and production of fluorescence as a function of low pH values. Purified enzyme (3mg.) was dissolved in 3 ml. of deionized water and the pH very carefully lowered to a value between 2-6 and 4 0 with 0.01 N-HCI. After 40min. the pH was raised to 7-5 by addition of 0 45 ml. of 0 5M-sodium phosphate buffer, pH 7-5, the volume was made up to 4-5 ml. in a graduated tube and enzyme activity and fluorescence were determined.
Inactivation of enzyme and production of fluorescence as a function of high pH values. Purified enzyme (3mg.) was dissolved in 3 ml. of deionized water and the pH raised to a value between 90 and 12-5 with 0-1 N-NaOH. After 10min. the pH was lowered to 7-5 with 0-1 N-HCI, 0 45 ml. of 0-5M-sodium phosphate buffer, pH7-5, was added, the volume was made up to 4-5 ml. in a graduated tube and enzyme activity and fluorescence were determined. moved; this was replaced with 0 5 ml. of deionized water and the fluorescence measured.
Inactivation of enzyme and production offluorescence as a function of temperature. Samples (2 ml.) of purified enzyme solution (1 mg. of protein/ml. of deionized water) were rapidly heated to the required temperatures. After the samples had been kept at the elevated temperatures for exactly 5min., each was poured into 2ml. of 10mM-sodium phosphate buffer, pH 7 5, in an ice bath. The final temperature of the 1000 sample after this treatment was 500, at which temperature the enzyme is stable. Any precipitate was removed by centrifugation and the final volume adjusted to 4 ml. (to compensate for any water loss): 0-25 ml.
was removed for assay of enzyme activity and the remainder was used for the measurement of fluorescence.
Inactivation of enzyme and production of fluorescence by high temperature as a function of time. Purified enzyme (10mg.) was dissolved in 1 ml. of deionized water; at zero time this 1 ml. of enzyme solution was added to 9ml. of sodium phosphate buffer, pH 7-5 (final concn. 50mM), at the required temperature. At suitable time-intervals 2 ml. samples were withdrawn, immediately added to 2 ml. of icecold deionized water and centrifuged, and the supernatants assayed for enzyme activity and fluorescence.
Microbiological assay of the purified enzyme. We thank Dr J. E. Ford of the National Institute for Research in Dairying, Shinfield, Reading, for doing these assays. Lactobacillus casei was used for the assay of folic acid and derivatives and for riboflavine; Lactobacillus arabinosus was used for nicotinic acid, biotin and pantothenic acid; Kloekera brevis was used for vitamin B6; Lactobacillus fermenti was used for thiamine and Lactobacillus leichmanii was used for vitamin B12. The methods of Barton-Wright (1963) were used except for folic acid (Herbert, 1961) and vitamin B12 (Skeggs, Hepple, Valentik, Huff & Wright, 1950) . The forms of folic acid to which L. casei responds are given by Eigen & Shockman (1963) and by Harding (1966) , and the forms ofvitamin B12 to whichL. leichmanii responds are given by Guttman (1963) were used with slit arrangement no. 4 and gain no. 5. (The spectra shown in Fig. 9 were obtained by subtracting the spectrum given by the solvent from that given by the sample.)
RESULTS
Evidence against a fiavine prosthetic group. (1) Flavoproteins typically show a spectrum with two absorption bands in the region of 330-500mt, usually with peaks at about 370m, and 450m,. The latter peak is often diminished by reduction of the flavoprotein with substrate or sodium dithionite. In this region, the spectrum of this alcohol dehydrogenase has only one peak, at 345-350m,t (Fig. 1) . Continuation of the spectra shown in Fig. 1 up to 700m,u shows no peaks and the extinction is never higher than the value at 450m,u (EO.05). The spectrum is unchanged by addition ofmethanol, sodium borohydride or sodium dithionite.
(2) One or more of the following substances can act as hydrogen or electron acceptor for the oxidation of reduced flavines: ferricyanide, methylene blue, tetrazolium salts, NAD(P), 2,6-dichlorophenol-indophenol, quinones, cytochromes, oxygen; however, none of these substances reacts with this alcohol dehydrogenase.
(3) When the purified enzy-me was assayed microbiologically for vitamin content, no riboflavine was detected and no other microbial growvth factor was present in significant quantity (Table 1) . If riboflavine had been present in the proportion of 1 mole of riboflavine to lmole of enzyme (146000g.) there would have been at least 2-75mg. of riboflavine/g. ofenzyme.
(4) On acid treatment or boiling, flavoproteins The fluorescence maximum of riboflavine derivatives is in the region of 530m, and the excitation spectrum is similar to the absorption spectrum with peaks at about 265, 370 and 450m,u. The greenfluorescent material from this enzyme, however, has excitation maxima at about 260mp, and 365m, with the fluorescence maximum at about 460m,t (Figs. 7, 8 and 9, and Table 2 ).
(5) The classical type of resolution and recon stitution experiment done with flavoproteins (Warburg & Christian, 1938) was not successful with this dehydrogenase. Treatment with ammonium sulphate over the pH range 2-5 did not achieve reversible dissociation of the prosthetic group from the enzyme; enzyme activity was lost only when the pH was lowered to a value below 3-6. The presence of ammonium sulphate, methanol, FAD, FMN or riboflavine did not prevent this inactivation, and addition of high concentrations of these substances, after inactivation in their absence, did not achieve reactivation.
Kinetic studies on the liberation of the prosthetic group from the enzyme. In the experiments described above, the enzyme used was nearly 100% pure (Anthony & Zatman, 1967b) . It is not fluorescent, but yields a fluorescent material, diffusible on dialysis, when treated with acid or alkali, or when it is boiled. The following experiments were designed to show whether or not there was a correlation between loss of enzyme activity and production of the fluorescent material from the enzyme preparations. Should such a correlation be shown to exist, it would suggest that either the fluorescent material itself, or a chemically related substance from which it was derived by the preparative treatment, is the prosthetic group of the enzyme.
In all the experiments in this section it was observed that whenever enzyme inactivation occurred some visible fluorescence was produced; in some cases this amount was too low to be recorded as a positive value on the fluorescence scale used in Figs. 2-6. Fig. 2 shows the result of incubating the enzyme at various pH values for 40min. At pH3-3 there was 60% loss of enzyme activity while only about 8% of the maximum fluorescence was produced. At pH3-2 almost complete loss of enzyme activity occurred, but the maximum fluorescence was not produced until the pH value was lowered to 2-9. Fig. 3 Fig. 3 . Correlation of the production of fluorescence with inactivation of the enzyme by alkali. The conditions were similar to those described in Fig. 2 except that the incubation period at the high pH was 10min. and the incubation mixtures were neutralized with acid before the addition of buffer. *, % of original enzyme activity; 0, % of maximum fluorescence.
fluorescent material. Fig. 4 shows that enzyme inactivation at low pH values occurred at a slightly greater rate than did the production of fluorescent material. More significant is the similar enormous increase in rate of the two phenomena with small decreases in pH value (from 3-25 to 2-90; Fig. 4) . A further demonstration of the correlation between enzyme inactivation and the production of fluorescence was obtained by incubating the enzyme at various temperatures between 600 and 90°for 5min. and removing samples into cold buffer for measurement of fluorescence and enzyme activity.
The rate of production of the fluorescent material was again lower than the rate of inactivation, as shown in Figs. 5 and 6 ; Fig. 6 Although purified enzyme was used for all the work described in this paper, when using the technique the activity of the enzyme. That the loss of enzyme for prosthetic group purification described above it activity and production of fluorescent material are was not necessary to start with pure enzyme. Sephadex G-150) was omitted, the cytochrome c that remained in the boiled enzyme preparation was not adsorbed on the TEAE-cellulose and so passed completely through the column during washing with 50mM-ammonium acetate buffer, pH 6-0. Properties of the pro8thetic group. At room temperature the purified -prosthetic group, G-F fraction, is freely soluble in water, but not in methanol, ethanol, acetone, diethyl ether, light petroleum (b.p. 40-60°), hexane, cyclohexane or chloroform. When aqueous solutions of G-F fraction (at pH3-0, 7-0 and 10.4) were shaken with water-immiscible solvents, the absorption spectrum and the fluorescence of the aqueous phase were unchanged. Methanol, ascorbic acid, sodium borohydride and hydrogen peroxide had no effect on fluorescence at pH6-0 (in 20mM-ammonium acetate). Sodium dithionite in large amounts quenched fluorescence, but this was restored on addition of hydrogen peroxide; as noted above, sodium dithionite has no effect on the absorption spectrum of this enzyme. The fluorescence of G-F fraction in water at pH7-0 was green, in 0-lN-hydrochloric acid it was blue-green and in 0-1 N-sodium hydroxide fluorescence was quenched; these effects were reversible in that fluorescence of the usual colour was restored when the pH was readjusted to 7-0.
Fluorescence and excitation spectra of G-F fraction in water at pH7-0, in 01-N-hydrochloric acid and 0-N-sodium hydroxide are given in Figs. 7, 8 and 9. These spectra indicate the presence of two fluorescent compounds in G-F fraction. The major component (as indicated by amount of fluorescence) has excitation peaks at about 255m, and about 365m,u with a fluorescence maximum at about 460mu that is reversibly quenched in alkali. A summary of the spectra of the two components is given in Table 2 . The absorption spectra of G-F fraction (Fig. 10 ) are difficult to interpret because of the probability, indicated by the fluorescence spectra, of two substances being present. If, as is usually the case, the excitation and absorption spectra of a given substance correspond, then the absorption spectra shown here can be considered to be the addition spectra of two substances, one absorbing under all conditions at about 255m,u and 365m,u, and the other absorbing at 310m,u at pH7-0 and in alkali but not in acid. This would account for the lower absorption at 310m,u shown by G-F fraction in acid.
The properties of the prosthetic group described here are not sufficient for an identification, but they do provide considerable circumstantial evidence that the prosthetic group is a pteridine derivative (possibly related to pteroylglutamic acid). The apparent absence of a folate (or derivative) from the purified enzyme according to the microbiological assay results (Table 1) does not exclude this; many folate derivatives are unstable and such a prosthetic group may have been inactivated as a growth factor for Lactobacillus ca8ei by the method used for its removal from the enzyme. Absorption spectra of many pteridine derivatives exhibit absorption maxima in the region 350-370m,u (Mason, 1954; Rabinowitz, 1960) , but the absorption spectra presented here do not conform with any of the published spectra seen by the authors; this is possibly because the spectra given in Fig. 10 more than one substance. It should be noted that the untreated purified enzyme has a characteristic absorption peak in the region of 350m,L (Fig. 1) , as one might expect from a protein-bound pteridine. (1963) and Williams & Bridges (1964) . Only 15 of these emitted light between 445m,u and 490m,u and had excitation maxima between 355m,u and 385mu; only four of these compounds showed maximum fluorescence at a pH value below 9 0 and these were pteroyl- glutamate, pteroic acid, 2,4-diaminopteroylglutamate (aminopterin) and 2,4-diamino-10-methylpteroylglutamate (amethopterin). Uyeda & Rabinowitz (1963) have published fluorescence data on 18 folate and pteridine derivatives. They have shown that the following all show maximum fluorescence below pH9 0 and have excitation spectra with peaks between 355m,u and 385m,u, and emission peaks between 450mu and 470m,u: pteroylglutamate, pteroic acid, 10-formylpteroyl. glutamate, 5,10-methylidynetetrahydropteroylglutamate, 4-amino-4-deoxypteroylglutamate, 2-amino-4-hydroxypteridine, 2-amino-4-hydroxy-6-methylpteridine,2-amino-6-formyl-4-hydroxypteridine and 2-amino-6-carboxy-4-hydroxypteridine.
(a)
It is noteworthy that the following reduced folate derivatives all have similar fluorescence characteristics to those of the minor components shown in Table 2 , i.e. maximum fluorescence in neutral or alkaline solution with excitation peaks between _ 300m,u and 320mp, and emission peaks between 00 300 400 500 600 360mp and 380m,u (Uyeda & Rabinowitz, 1963 Wavelength (m,) Fig. 10 . Absorption spectra of the prosthetic group (after some purification). Silica cuvettes of 10mm. light-path were used and the reference cuvettes contained solvent (water, acid or alkali). The concentration was the same for each spectrum but the actual concentration was not known. , Water at pH70; . , 0.lN-HCI; ----, 0IN-NaOH. 
